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Typhoon and Vortex Dynamics
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Mathematics Modeling/Scientific computations
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Two-Dimensional Turbulence

Politics are for the mome

T
s
"

An equation is for et

+ -
JJL[ N jlﬁ&
A
BE i3
- op
GREr =K 2 el . =
178 & - V-B=0 g L +V-(pV)=0
VxB:iZ@ V.-g=-42Gp
. v.E=L
18% & RN A vxE=-B &
ot )/,
2 S Vy+Vy=Ey
0°B —¢’V’B 2m
2
19¢ & BAOF BPE R E a %:czw
& a4 %
‘Lk‘g M :-*'g
(PRAEGEEE-BFEER) w:&ryﬂ%lc b1l Of Knowj'ed?: KV 2T
[V -ndA
208 & ﬁ.&l—; N i; 3 -?‘? N V-V:Fldglll’\uj.dic [[’)J:(e]:gilw[ (Gauss)
g 14 N ,ﬁ '((i ~ A . — .
&—**ﬂg R # g‘iﬂ‘g VxV = lim [ndAxv Stokes theorem -[AB ndA .[/V Bdv
LePE e I B-dl = [VxB-ndA
v? _"mJV'//'”dA § ’ _IA xB-n
5 V= Tdv




wEP4E
Formulation BeE B (o s Lo mR)

Solution / Analysis 4+ ~ &f%

Interpretation #5 2#

i« #%57 HRODEPDE) BB b ~ Bz (L
kot e "
- : ?@(ﬁl S L SRS SR 3':‘

“Six monkeys, set to strum unintelligently
on typewriters for millions of years, would
be bound in time to write all the books

in the British Museum.” Huxley
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Bode’s Law of Astronomy 1778
0 3 6 12 24 48 96 192 384
47 10 16 28 52 100 196 388

040710 16 28 52 10 196 388

Mercury 0.4 (0.39)  Venus 0.7 (0.72) Earth 1.0 (1.0)
Mars 1.6 (1.52) Asteroids 2.8 (2.77) Jupiter 5.2 (5.2)
Saturn 10 (9.54) Uranus 19.6 (19.19) Neptune 38.8 (30.07)

Pluto fails (39.60)
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This is the Snell's Law.
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FIGURES.13 Therefraction of light as it passes fron the water into the

less-dense air causes a fish to appear closer o the surface than it
actually is.
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s Butterfly Effect Chaos i
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TS
x=0.99 y~0.74
0.02 0.61
x=1.01 y~1.35

FEARAN A4 ek | |
“Sensitivity dependence on initial condition.”

H Poincare u

[
Thomas Robert Malthus
(1766~1834)

English demographer and political economist

L g
Fois S R
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Malthusian Model

Population Growth
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A0 At dt @ P = pEp
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Logistic Effect
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Time Series (F5 & & 71])
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Periodic phenomena are actually
everywhere in the biological world.

What else can you think of?
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Negative Feedback Oscillators
FUpEt RUF PR 1) R
= HIH F'J

VIR 6 KT R dy _

i

7 4
X y do _
\_/‘ dt

What can X and Y be? X Cost Y Sint

—Y
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NF- x B and | k B Model

A

X: nucleus NF-x B

Y:1gkB
%X:S—ax—,b’y
d

o?put a}’:}’x—ﬁy .

Science 298: 1241-1245.

Lotka-Volterra Model

A Predator-Prey Model

Humberto D’Ancona
1926

World War One  {fi & - fy/im-+

Port 1914 | 1915 | 1916 | 1917 | 1918 | 1919 | 1920 | 1921 | 1922 | 1923
Predator | Fiume | 12% | 21% | 22% | 21% | 36% | 27% | 16% | 16% | 15% | 11%

Trieste | 14% | 7% | 16% | 15% - 18% | 15% | 13% | 11% | 10%

Prey

i dy .
- Y+
T i ry i o Y

22

[
Vito Volterra

(1860~1940) italian
Mathematician & Physicist

Contribution:
1) Mathematical biology

2) Volterra-Lotka equations
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dx/dt = x(1-y)
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1961). The quantity I approaches a constant for large values of IT;.




Sonic Boom

Adiabatic Sound

Dead-water near the coast

Wave drag problem

Mg %2 ) Surface “Vicks” showing the presence of insernal waves i the wilke of 4 ship in Bute Inke, Brish
Cobumbia. The vessed was travelng at 15 m +~" in a suelace kayer of almast fresh watir ondy dightly decpes tha
s 1.4 m ceatt, Th internal waves caumed horinontal mation at the sface that affects the Fpple patberm and =

’ a
Establshereent Paciic, Victora, Beitish Cikunia | 13 A Laboratory experimen irom Flman (1041 showng intema!
wiaves being generated by  maodel ship, The tark i Slled with two sds of diienent dernity. the henier one bers
ehyed 10 ke thhe interface chearly visbie, The model ship ihe spsrstructuee of the “Fram™ has been deas? 9
subsecquerthy) i towed from right to ket canning a wike of waves on the ingerlace.

Kelvin edge

deep water waves

< Ship-wave pattern >
2xsin*(4)=2+19.5°

34

[Courtesy of Aerofilms Ltd.]

Kelvin wedge  deep water waves

[From V. A. Tucker, “Waves and Water Beetles,”
Physics Teacher 9, 10-14 19 (1971), Fig.3 35
(Copyright 1971 by American Assoc. Phys. Teachers)]

Pictures-6

< Capillary Waves
>

Beetle making
waves on a water-
air interface

[appeared on the cover of Scien
166(Nov.14, 1969,Copyright 196
by the American Association for
the Advancement of Science).in
connection with an article by V. A
Tucker, “Wave-Making:

Whirligig Beetles(Gyrinidae),”

pp. 897-99]




Buckingham’s Pi Theorem

n variables can always be combined to form
Exactly (n- r) independent nondimensional variables, where
R is the rank of the dimensional matrix.

Eg. T,M, L, g are the 4 variable in the simple pendulum problem

kg, m, s are the rank 3 dimensional unit

4-3 =1 nondimensional variable

Similar result can be derived from Newton’s mechanics or
from the fact that the difference of potential energy and kinetic energy over
a period will be minimized; the Hamilton principle.
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Symbol Definition Representative value or
first guess
X radius of wavefront 1Fm
' time 1025
20 ambient pressure 10°Pa
0 ambicat density kg
£ energy released | 1045 A | (e —
T R 14
Jo sl £~ 10 ) 38

Turbulence

S ———
ks

M

Fy  [M][L)[T)"? drag force;
pe o (ML) density of fluid
R [L] radius of sphere
v IT]="  spee ]
LT peed te or vk Re <<

[LPP[T]-" kinematic visce -.wil.'_'f'.

F =0Cy pair s (7M n’p{'t‘ll
Vi volumn

W=pVg=psS7g S: area

_ (‘L Pair U7
Pr g

S[]..‘.

W =p; g S™ =

40
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Metabolic rate vs size

Metabolic Rate (watt)

FIGURE1 Metabolic rate (in watts) for a series of mammals and birds as a function

of mass (in kg); the scale is logarithmic and exemplifies the 3/4-power scaling law

discovered by Kleiber [2, 22, 27, 29]. 42
Kleiber (1932) Body size and metabolism. Hilgardia 6, 315-353.




“Metabolic rate vs size” extended

“Metabolic rate vs size” down to
molecule

1 I
Shrew
g o I
5 A" vammain
- :
=2 = 4
10- P
i 1
= Mitachondricn »
g s 2 Cuis
-
; .20 -| Pespiratory
FIGURE 2 Metaholic rate (in keal/hr) for & series of crganisms ranging from the o . y r 3 .
smalbest microbes to the largest mameals as a fimction of mass (in g), exemplify- .20 A5 10 5 5 10
Ing the persistence of the 3/4-power scaling luw (the solid fines) over 20 arders of Iog {'“m gl
magsitude (Hemmingen |12 Hemmingsen (1960) Reports of the Steno Mendarial West. Woodruff. B 44
Hospital and Nordisk Insulin Laboratorium 9, 6-110 est, Woodruff, Brown (2002) PNAS 99, 2473-2478
log7 8
7 Is%
o
6 T e 19
5|
L Il 1 ]
1 2 4

n

Figure 1.13. The —1/9 power-law dependence of the rowing time T on the number
of oarsmen a (solid line). This may be compared with racing times over 2000 m,
all at calm or near calm conditions: A, 1964 Olympics, Tokyo; @, 1968 Olympics,
Mexico City; %, 1970 World Rowing Championships, Ontario; O, 1970 Luceme
International Ct ionships. After McMahon (1971).
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Isaac Newton
Principia 1687

Nature and nature’s law
lay hid in night,

Sir Isaac Newton

(1642-1727) GOd Sai d;

Let Newton be,
and all was light. A. Pope

48




Halley 1686

First proposed the atmospheric
motion is connected with the
distribution of sun heat

(follow the sun in the daily scale;
thus wind is westward.)

Fujita, 1971

Halley 1686

D’Alembert 1746

Euler's Equations for Fluid Flow

Leonhard Euler, born on 15
April, 1707 in Basel. Died on
18 September, 1783 in St Pe-
tersburg.
Euler formul
tions for incompressible, in-
viscid Huid flow:

ated the equa-

Euler 18 century ﬁﬁ’iﬂi’"i > ?‘E’_ =X

Fluid Dynamics

€ Pressure gradient force B4R

~Loe
P

4 Eulerian-Lagrangian B g i

transformation

d_o. .2 .28 .3
Lol iliwl
dt ot ox oy oz

4 Mass conservation FE=

&

p (continuity equation)
0 o, Opu, Opv Opw
ot ox oy a
Isothermal sound speed (same
vhRY 4 5 ; mistake as Newton)
At F 2R Partial Differential Equations >3t E] v, [ﬂ]
& A 255 PDE 51 o) ) 52
fv: E-W Coriolis force o
Conservation of angular momentum, § j;i = :}_E_r_ COFIO'IS Force
Hadley 1735
L A
m fu: N-S Coriolis force
Centrifugal force, thermal wind balance L 4
Ferrel, 1859
m Coriolis force, Coriolis, 1835 1= 4
A Falkland ship battle in WW |
m Laplace, (1740-1827)
Atmospheric Observational net work (1800-1815)
Hydrostatic balance approximation . .
Tidal wave equation, Non-inertial Frame
Laplacian
Adiabatic sound speed
53 54




Fig. 89. Vortices tailing form the wingtips of a Boeing 727. Figure courtesy
of NASA.

o whag s siefiil, The: wing i shamen in gy, e

sk e b i

Biomath

Lwea|_—

Time, or space =

Lift distribuation

R

Jias 1384 The vortices in the wike of an osllating wing. Mealired uader (he

ot s i 1 b o very small. L b ke B o s che maghe o senach

Z Trailing vortex

ah
Lanchester

/— Lif disgrsmtn

Frean 1005 The vories wake belsind o stork in level fight

’
Elliptic wing
o A

i
Traiting vortices Rollieg up

L) Y. C. Fung

Fixan 1102 4a) A horse-shoe vorsex representing & wing with 8 uniform lift Satribre- 56
Hm. (b Ll distribetion on a0 elliptic wisg.

Ideal Gas Law  Equation of State 32 18 8 42

W 1662, Boyle law, PV =c when T =c.

W 1787, Charles law, V/IT =c when P =c.

W 1803, Gay-Lussac law, P/T =cwhen V =c.

W 1811, Avagardro, 1 mole gas is 22.4 1 in
volume.

Universal Gas Constant
R* = 8314.3 J /(deg.. kmol)

PV=nR*T

PV=m/MR*T P=m/VR*MT
P= p RT,R=R*M

Ra= 287 J/deg.kg (R*Mad)
Rv=461J/deg.kg  (R*/My)

Va9’ 7
! 7 70 % 107 o 24 %10 “em
(2) Number of molecules

A 20x107em?

=a= . = 3.5 X 102 molecules

(24 % 1077 em)?
(3) Mass of the oil
8

m=VXD=49cm®x095—5=47g
m

(4) Number of moles of oil

Oil spreads on water Moles of oil =
— molecular size

— Avogadro’s number

378 0024 mol
200g/mol VMO

(5) Avogadro’s number

ber s 0% 10% molecule:
0.024 mol

Now we know: N, =6.022142x10% 3ol

B owiald apgeear trons s samiple Pt o Dibose Doard may serve moa Hernsancter of profichency s eriedynaimbe.
[T el e bore n it v cum . -ter[,yr- 58
Development of Thermodynamics ’#L 3 g 2 T2
Estimate Avogadro’s Number 19 century ) Precipitation
DRI & Egl (et o GBI
First law: Energy is what makes it go and
i . Enthal
Benjamin Franklin (1773 ) @ Molecmir::,e energy is conserved. Py

AQ= AU+ WORK Entropy
Gibbs Free energy

Second law: Entropy tells it where to go!
¥z RV = > O

Joule, Rudolf Clausius, Lord Kelvin and st
others -
2 Gl

Macro - Micro

Classical and Statistical Thermodynamics

nyad g
Ludwig Boltzmann, 1844-1906, whose work led
to an understanding of the macroscopic world on
the basis of molecular dynamics.

10




Leonardo da Vinci (1452-1519) Multiple Scale Interactions
Steady and Turbulent Flows
“Observe the movement of the surface of $F R (T
the water which resembles that of hair e r— —t
which has two motions, of which one =
depends on the weight of the hair and the
other on the direction of the curls. Thus
water forms eddying whirlpools of which
one part depends on the predominant
current and the other on the incidental
motion and the return flow.”

D’Alembert Paradox

1717-1783 t. =

- vl
B —, o =Re << 1)
) 1

D’Alembert Solution of the Wave Equation
[f(x + ct) and f(x-ct)] Re small viscosity important

Re large viscosity unimportant

Atmospheric Motion first expressed mathematically

(Won the 1746 Berlin Academy’s Award; aqua-planet

Endorsement of Euler)

Solar and Lunar Force Cause the Atmopheric Motion 62

D’'Alembert 1746

Math. Model for Atmospheric Motion

in aqua-planet

(Won the 1746 Berlin Academy’s
Award; Euler's endorsement)

Solar and Lunar Force

Fourier 1768-1830

Why the earth not heating up when
receive sun energy continuously?

Thomson (1857) Heat emission or diffusion (by IR)
Ferrel (1859)

Hadley (1685-1758)

His calculations showed a very cold
Distribution of sun heating surface (No green house effect)
(north and south;

seasonal scale)

Centrifugal force

Coriolis 1835  Arrhenius 1896
Earth rotation (conservation of

angular momentum) CO:2 green house effect, but were

dismissed by scientists [WHY?33]

Planck, Unwilling Revolutionary: the idea of quantization

e — 1900
=k 2hc?
wl [ Bi(T)=—=F%—— 1 Hall of Fame in Science
. . A T -1) -
T f bl - Gravitational Law
g .0 1 Blackbody Radiation
§ o | E=MC™2

WAVELENGTH (um)

8,(T} foe blackbodies at severul emperares, with
icated

64

%4 (1819)

i_:: i vV
(&
Momentum oy ,
Conservation (18) 77 * eV
o, o
Mass conservation (18) Radiation
i i i fil:] ) A
Energy conservation (19) g7 * U5y *vg, WD — @ (1—; ;‘fﬂ)ﬁ%
rr o1 (P = Moisture
Equation of State(17,18,19) ¥~ #%+ (F Latent heat
-
[ s NS O Sk
F E,e— < F i3 o ? (19) (19.20)

FE -8 nBadfphas

65

Lewis Fry Richardson, 1881-1953.

Dhisring WWI, Ricleardson
compaited by hawd the pressure
cliange at a single point.

13x13=169 i# ODE

It took him two years !

His “forceast’ was a
catastroplic

169 p d &

Ap= 145 KPa in 6 hours

oS g,

S

His method was unimpeachable,

So, what went wrong?

e T—

dQ ¥l _gn-l
at 25t

df  fler+Ax) — fle— Ax)
il 27z ]

-
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Richardson’s Dream

first weather forecast - ENIAC, 1950

Wexler von Nalmas

Relchelderfer
Neumann Frankel Freeman
& 8 a '

i
i
gﬁ

L

In front of the Eniac, Aberdeen Proving Ground, April 4, 1950, on the occasion of the first
numerical weather computations carried out with the aid of a high-speed computer. 68

e ENIAC  FEtectronic Numerical Integrator and

Computer

18000 vacuum tubes
70000 resistors

10000 capacitor

6000 switches

140 K Watts power

No high-level language
Assembly language

500 Flops
Function Table 0.001 s

3,700,000,000 times slower than current day large computer

g3 ﬁf‘ 5 RS

ENIAC - late 40s

| Earth Simulator -- 2002 |

69 :
(Satoh et al. 2006)
A LTE N3, 55 T 2 4R 4 EPR e
All commercial aircraft flights in
U.S. were stopped for
3 days after the 911 attack.
Ground diurnal Temperature
is larger by 1.1K in these 3 day§g
as compared to the climate
mean.
85 a0 88 00 05
Year
ER
3 A LB P bR Y AR Ed NI E R GEE BRI R TR T L P b B
. 10.43 Condensati ils. [Ph h
7% - Eie % H15% 3% T4 & & 0.3% " ?;.,, R_\:g.,nT ensation trails. [Photograph courtesy "
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Almaspheric GO,

Keeling Curve (1958- )

[

% o

Z 360

é ;: rh...m,.w&aw

§ 320 WW Charles Keeling (left) at the dedication of
g S0 @ 7o 78 @1 @5 @0 we migz  the Keeling Building at the Mauna Loa

Year Observatory, Hawaii (1997)

Uictatada a1 vt

Dais foy 0P Bruegel, Pieter, the Younger
i < Winter Landscape (1601) >
C d
73 R 7
150 oo w o
Duie.

Warming trend begins 1700A.D.

Basaps EREAIEFL o reem
1988 _EK’S fu %‘,3 1993
FRCAE L /T% i _‘F%_Pfﬁ

of 1997 pundcrd ol oy v
sirws i Mhise Ltk sateffi g

o futy 4. 1953 () July 18, 1995 fright), Lintarane

i firqwenay a1 4 sovarguinice of alded rafister absriing gase

¥ = SPECIAL REPORT

“" ., Business & Media Institute
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BMAY 17, 2006

FIrRE AND ICE

Journalists have warned of ¢ I]n\nl< o hnn;:- nt 100 years,
but ean’t decide e Warming

T
Toar Dewmin Picacess

A Time Magazine Time-line

i = TaTiers wha ciain that FCamatclogical
changes in the sun's heat |  |winters ware harder whan Cassandras are becom-
and the they wers bays are quits mglmmm
advance of glaciers in right... weather men have hensive, for atrw
recant years have glven no doubt that the world at aberrations they are
rise 1o conjecturs of the |  [least for the time being is | [studying may be the
posaible advent of & new growing warmer.” harbénger of anather
e age.~ i ice nge.”
i 555 |
=z [T

Mean Temperature over Land & Ocean

—
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1880 1900 19200 1940 1960 1980 2041 2020 2040

v
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Science Digest

February, 1973

Reports that the world’s [
climatologists are agreed
that “we must prepare for
the next ice age.”

grown from 1868 to 1974

Time magazine’s June 24, 1974, story
showed how Arctic snow and ice had

Newsweek

April 28, 1975

In an article titled “The Cooling
World” said that meteorologists
are almost unanimous that
catastrophic famines might result

from global cooling. o

SPECIAL REPORT GLOBAL WARMING

HOMW IT THREATE

W CHINA £ INDLL CAW HELP
‘SAVE THE WORLD—-OR DEETROY IT
THE CLINATE CRUSADERS

W rFr=379p

dr

C—=5]|-IR]

, i N

] — .
. Sun energy = | Earth
specific > N
heat /

1
5 Ta® s(l — a) IR 1= 47wa® eaT?

/

* i albedo

P A Pt
SR R P (POCORFIREEG - R AR

1 MRHE A NE MR 82
IR% IR} ~0 T* . ]
Evidence Volcano Eruption
S ‘1’ 0.2F
- [5)
c dl d 5
dt - % *
A o e &
— 5| — IR o 02
dt E
= s
@
L E 04f
] I
273K TEMP 08F A year without summer
S-IR L L \ .
1991 1992 1993 1994 Memory effect
M. Pinatubo eruption
Fig. 8-6 Observed change of the Earth's global mean
surface temperature following the Mount Pinatubo erup-
L + tion (June 1991} Adapted from Intergovernmental Panel
> & — on Climate Change. Climate Change 1994. New York:
TEMP Cambridge University Press, 1995,
83 4
2 stable multiple equilibria Jacob (1%99)
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THERMOHALINE CIRCULATION - GREAT OCEAN CURRENT

Uncertainty over
weakening
circulation

Barbara Goss Levi's Search and Discoy-

Bryden and Longworth Nature 2005

1957 220465V
2004 148+ 6 SV

‘l.lnrh O
Net 8.1+ 65V

18V = 10%n*s~!

correct result. It is a mystery how such
an error was missed by Levi and by the

THE Dav AFTER
TOMORREW,

20th Century

Geophysical Fluid Dynamics (GFD)
Atmospheric Oceanic Fluid Dynamics (AOFD)
is for those interested in doing research in the physics,

chemistry, and/or biology of Earth fluid environment.

Atmospheric and
Oceanic Fluid Dynamics

Voyager 2 approaching Jupiter

Rotation period 9.84 hr }"‘ : SAsa

Palinstrophy

DO_39 y.vo-w

Dt ot

Mixin
c:%jva-vedv vk

dc =
E:I(V VOV AV —v[(V?0) dV
Stirring Mixing

The best part of waking up, is to see vortex in your cup!!
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Epidemics C— SIR Model
il |
« Epidemics: epi “upon” and demos “the people” , Al e
i.e., “upon the people” g = TSI vl = (35 —w)l
* An epidemic is the occurrence in a community dR ol

or region of cases of an iliness, specified health
behavior, or other health-related events clearly
in excess of normal expectancy; the community
or region, and the time period in which cases
occur, are specified precisely (Last JM, ed. A
Dictionary of Epidemiology. New York: Oxford
University Press, 1995)

The “Black Death" of 1347-51

dr

1+ Recovery Rate

13 Infection Rate

1
S = —4 line
No Death in the model 74 null eline

Forecast and control of epidemics in a

globalized world  PNAS vol.101 no.42
Hufnagel®, Brockmann, and Geisel
Ak B B #12007/12/18 4 S H PR 6

Use the SIR model with the stochastic forcing from international
aviation network to simulate the spread of the SARS, and to

explore the strategy for the disease control. 00

HIV Modeling T |
Perelson and Nelson ( 1999) i ; . |
5 w1
AV o i iR EC

dT - o
o KoV — ol

P = NaT.

V: number of virions

p: rate of production of new HIV virions

c: clearance rate for the virions in the plasma
T: infected target cells in unit volumn

- non-infected cells in unit volumn

S

Plte) = eV(ty) ~ 2 x 3 % 10° (1/(day - ml))

Early and aggressive therapeutic
intervention is necessary if a marked
clinical impact is to be achieved.

SRR TS LR T R 01
Gt B i P - R FYR

h: constant rate of population harvested.

X

'

sTrl T,
14

Figure 1.7 The bifurcation diagram for
fulx) = %1 = x} - h.

Small changes in harvesting rate can lead to disastrous changes
in population has been observed many times in real situations on earth,,
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